We report an observation of new bottom baryons produced in pp collisions at the Tevatron. Using 1.1 fb −1 of data collected by the CDF II detector, we observe four Λ baryons and measure the following masses: 
We report an observation of new bottom baryons produced in pp collisions at the Tevatron. Using 1.1 fb −1 of data collected by the CDF II detector, we observe four Λ baryons contain one b and two d quarks; these states are expected to exist but have not been observed. Baryons containing one bottom quark and two light quarks can be described by heavy quark effective theory (HQET) [1] . In HQET a bottom baryon consists of a b quark acting as a static source of the color field surrounded by a diquark system comprised of the two light quarks. In the lowest-lying Σ ( * ) b states, the diquark system has strong isospin I = 1 and J P = 1 + , which couple to the heavy quark spin and result in a doublet of baryons with
. This doublet is degenerate for infinite b quark mass. As the b quark mass is finite, there is a hyperfine mass splitting between the masses come from nonrelativistic and relativistic potential quark models [2] , 1/N c expansion [3] , quark models in the HQET approximation [4] , sum rules [5] , and lattice quantum chromodynamics calculations [6] . On the basis of [2, 3, 4, 5, 6] 
The difference between the isospin mass splittings of the Σ * b and Σ b multiplets is predicted to be [m( [7] . The natural width of Σ ( * ) b baryons is expected to be dominated by the P-wave one pion transition Σ ( * ) b → Λ 0 b π, whose partial width depends on the available phase space and the pion coupling to a constituent quark. Using an HQET prediction [8] , the natural widths for the expected Σ ( * )
The CDF II detector is described in detail elsewhere [9] . Its components and capabilities most relevant to this analysis are the tracking system [10] and a displaced track trigger which is employed to select bottom and charmed hadrons [11] .
In reconstructing the decays Λ In the Q signal region we observe an excess of events over the total background as shown in Figure 2 state plus the background, referred to as the "four signal hypothesis." Each signal consists of a non-relativistic Breit-Wigner distribution convoluted with two Gaussian distributions describing the detector resolution, with a dominant narrow core of an 1.2 MeV/c 2 width and a small broad component of a 3 MeV/c 2 width for the tails. The natural width of each Breit-Wigner distribution is computed from the central Q value [8] . The expected difference of the isospin mass splittings within the Σ * b and Σ b multiplets is below our sensitivity with this sample of data. Consequently, we constrain m(Σ * +
The four Σ b signal fit to data, which has a fit probability of 76% in the range Q ∈ [0, 200] MeV/c 2 , is shown in Figure 2 .
Systematic uncertainties on the mass difference and yield measurements fall into three categories: mass scale, Σ hadronization background (the largest systematic uncertainty on the yield measurements, ranging from 2 to 15 events). The systematic effects related to assumptions made on the Σ ( * ) b signal parameterization are: underestimation of the detector resolution, the uncertainty in the natural width prediction from [8] , and the constraint that
The significance of the signal is evaluated using the likelihood ratio, LR ≡ L/L alt , where L is the likelihood of the four signal hypothesis and L alt is the likelihood of an alternative hypothesis [17] . We study the alternate hypotheses of no signal, two Σ b states (one per Λ states, performed by eliminating one of the states in the four signal hypothesis. Systematic variations are included in the fit as nuisance parameters over which the likelihood is integrated. The resulting likelihood ratios are given in Table  I . To assess the significance of the signal, we repeat the four signal hypothesis fit on samples randomly generated from alternate signal hypotheses. In 12 million background samples, none had a LR equivalent or greater than the one found in data. We evaluate the probability for background only to produce four signals of this or greater significance to be less than 8.3 × 10 −8 , corresponding to a significance of greater than 5.2 σ. The probabilities for each of the alternate hypotheses to produce the observed signal structure is also given in Ta I: Likelihood ratios (LR) in favor of the four signal hypothesis over alternative hypotheses. Also shown is the probability for each hypothesis to produce the observed data (p-value), calculated using the LR as a test statistic on randomly generated samples. The final column gives the equivalent standard deviations from the normal distribution. 
